MRI from a comatose patient with a massive acute subdural haematoma showed most of the features of transtentorial herniation described in the classic pathology literature. In addition to encroachment on the perimesencephalic cisterns, infarction in the anterior and posterior cerebral artery territories, ischaemic change in the lower diencephalon, and ventricular enlargement were visualised. Despite the clinical syndrome and these secondary changes due to compression, there was only approximately 2 mm of downward displacement of the upper brainstem compared with 13 mm horizontal displacement. Although tissue shifts adjacent to the tentorial aperture cause brainstem and vascular compression, these changes may occur with minimal downward herniation. (JNeurolNeurosurg Psychiatry 1993;56:932-935) In the presence of a large intracranial mass the true relationships of structures near the tentorial notch may not be appreciated as well by postmortem examination as they are by radiological analysis during life. The CT and MRI features of herniation from a unilateral mass have been reported,l" and several MRI scan measurements have been proposed to detect downward movement of the upper brainstem,5-7 but rarely with clinical correlation. This paper demonstrates most of the known primary and secondary radiological features of transtentorial herniation by MRI scans from a comatose patient with a large acute subdural haematoma. The relative vertical and horizontal displacements of the upper brainstem were measured in an advanced stage of herniation to determine the relative contributions of each.
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Abstract MRI from a comatose patient with a massive acute subdural haematoma showed most of the features of transtentorial herniation described in the classic pathology literature. In addition to encroachment on the perimesencephalic cisterns, infarction in the anterior and posterior cerebral artery territories, ischaemic change in the lower diencephalon, and ventricular enlargement were visualised. Despite the clinical syndrome and these secondary changes due to compression, there was only approximately 2 mm of downward displacement of the upper brainstem compared with 13 mm horizontal displacement. Although tissue shifts adjacent to the tentorial aperture cause brainstem and vascular compression, these changes may occur with minimal downward herniation. (JNeurolNeurosurg Psychiatry 1993; 56:932-935) In the presence of a large intracranial mass the true relationships of structures near the tentorial notch may not be appreciated as well by postmortem examination as they are by radiological analysis during life. The CT and MRI features of herniation from a unilateral mass have been reported,l" and several MRI scan measurements have been proposed to detect downward movement of the upper brainstem,5-7 but rarely with clinical correlation. This paper demonstrates most of the known primary and secondary radiological features of transtentorial herniation by MRI scans from a comatose patient with a large acute subdural haematoma. The relative vertical and horizontal displacements of the upper brainstem were measured in an advanced stage of herniation to determine the relative contributions of each.
She had no oculocephalic eye movements. A CT scan showed a large left sided subdural haematoma with 13 mm of horizontal shift of the pineal calcification from the midline, and the perimesencephalic cisterns were obliterated. The MRI scan described below was performed 22 hours later, with the same signs present. She died four days after admission. Necropsy was not obtained.
MRIfindings
Axial, coronal, and sagittal T-1 weighted images were obtained. Axial scans just below the plane of the tentorium (fig 1) showed convex distortion and extreme displacement of the upper brainstem away from the subdural clot, and medial temporal tissue in the perimesencephalic cistern on the side of the mass. The upper pons showed less displacement but the trigeminal nerve on the side of the mass was stretched (fig 2) Case report As 86 year old woman fell at home and was found unresponsive. On admission she was comatose, the left pupil was 6 cm, and right pupil 4 mm in diameter, both round and unreactive. The right side was flaccid and motionless and the left side had extensor posturing. There were bilateral Babinski's signs. 3) . Left cingulate gyrus infarction was also demonstrated. Coronal scans showed the deep tissue shifts best, including the encroachment of the left temporal lobe on the adjacent perimesencephalic cistern, but there was a large degree of displacement of the midbrain-diencephalic region above this level, leaving unclear the role of the herniated tissue in causing brainstem displacement. The occipital ventricular horn contralateral to the clot was enlarged.
T-2 weighted images showed infarction of the lower diencephalon and upper midbrain, and infarctions in the territories of the posterior cerebral artery on the side of the clot, of the calcarine branch opposite the clot, and of the callosomarginal branch of the anterior cerebral artery (fig 4) .
Horizontal and vertical measurements Measurements were made on printed MRI as previously described using electronic calipers,6 and confirmed by direct computer measurements on the MRI screen. There was less than 10% difference in measurements made by the two techniques.
Sagittal images and vertical displacement: On a mid-sagittal T-1 weighted MRI, the pontmesencephalic junction (PMJ) was 5 mm above Twining's line in true perpendicular distance (fig 5) , therefore representing approximately 2 mm downward movement compared with normal subjects from Feldman's series5 and our own normal subjects. The ratio of the vertical perpendicular distance between Twining's line and PMJ to the length of Twining's line, a measurement utilised by Feldman et al,5 was 0-042, midway between the normal subjects and patients with masses and higher than their awake patients with masses. This ratio again represents a true dimension of approximately 1-2 mm downward displacement of the PMJ (length of Twining's line was 10 cm). An improved reference measurement for the displacement of the posterior midbrain, introduced by Reich et al,7 uses the displacement of the iter (upper opening of the aqueduct) from its normal position on a line approximating the plane of the incisura. This could not be measured with precision because the aqueduct was compressed and the iter was displaced horizontally out of the mid-sagittal plane (as it is in most patients with masses). An approximate measurement for this vertical displacement was less than 5 mm downward.
Coronal images and horizontal displacement: On coronal images (fig 3) there was 13 mm horizontal displacement of the lowest point of the third ventricle from the midline true dimension (the same as pineal displacement on CT), and 37-8 mm vertical distance from the pontomesencephalic junction (PMJ) to the cerebral midline point, representing 1 2 mm depression of the PMJ below its normal position compared with controls in a previous study. 6 The three sagittal measurements and one coronal measurement of vertical displacement therefore converged to estimate approximately 2 mm downward displacement of the upper brainstem structure compared to 13 mm lateral displacement of structures in that region. The technically less precise measurement between the iter and the incisural line suggested, at most, 5 mm downward displacement of the posterior brainstem. Discussion MRI can now be performed on acutely ill patients and may give more insight than necropsy studies into the pathoanatomy of herniation. Almost all of the features of transtentorial herniation due to a large unilateral mass that are known from pathology studies could be appreciated in the MRI scans in this case. Accompanying these changes was, however, extreme horizontal but little axial downward displacement of the upper brainstem near the plane of the tentorial incisura. Infarctions in both the posterior cerebral artery territories,8-14 and collosomarginal branch of the anterior cerebral artery" 1516 territory were detected with T-2 weighted images. Extreme signal changes occurred in the compressed diencephalicmesencephalic junction,'7 including the radiological features of the Kernohan's notch phenomenon.'8 These changes in the upper brainstem presumably reflected damage in the reticular activating system that caused coma.
In analysing the regional anatomy of structures near the tentorium, the advanced stage of tissue displacement and preceding 22 hours of coma must be considered. Transtentorial herniation of the medial temproal lobe had occurred by the time of the MRI scan but it is difficult to know if this degree of tissue distortion was necessary for coma and pupillary changes. There was a large uncal herniation on the side of the mass and the ipsilateral pupil was 6 mm in diameter, the opposite, 4 mm, but without uncal herniation on that side. These scans do not settle the precise relationship of herniation to upper brainstem compression. The parahippocampal gyrus may not be the proximate cause of compression and displacement of the upper brainstem; rather it may move into the perimesencephalic cistern passively as the entire hemisphere is displaced horizontally above.619 Although there were points of contiguity between the cerebral peduncle and the displaced medial temporal lobe, the incisural cistern could still be visualised on coronal scans, suggesting that the horizontal brainstem displacement resulted from tissue shifts well above the tenorial plane, and enlargement of the cistern may have been a passive phenomenon.
There was concordance between horizontal shift of the pineal on CT scan and of the lower third ventricular shift on MRI scan. Midline structures such as the pontomesencephalic junction and aqueduct are moved out of the mid-sagittal plane by large hemispheral masses, making most measurements in these patients only approximations. The newer reference line introduced by Reich et all is an improvement from Twining's line but compression and displacement of the aqueduct also limits its use when there is horizontal displacement. These inaccuracies are compounded by the optical problems in calibrating measurements of this small size. As discussed previously,6 it is difficult to compare the physiological effects on upper brainstem neurons of small downward displacement compared with larger horizontal displacements. Nevertheless, even in the advanced stage of medial temporal lobe herniation in our patient with coma, pupillary changes, and bilateral compression of major vessels at the tentorial aperture, there was little downward "herniation" of the upper brainstem, contrasted with substantial horizontal displacement.
